Abstract. This paper addresses the problem of lip segmentation in color space, which is a crucial issue to the success of a lip-reading system. We present a new segmentation approach to lip contour extraction by taking account of the color difference between lip and skin in color space. Firstly, we obtain a lip segment sample via a color transformation sequence in 1976 CIELAB and LUX color spaces. Secondly, we establish a Gaussian model and make use of the hue and saturation value of each pixel within the lip segment to estimate the model parameters. Subsequently, the memberships of lip and non-lip regions are calculated, respectively. Thirdly, we employ morphological filters to obtain the desirable lip region approximately based on the memberships. Finally, we extract the lip contour via convex hull algorithm with the prior knowledge of the human mouth shape. Experiments show the efficacy of the proposed approach in comparison with the existing lip segmentation methods.
Introduction
In the past decade, lip segmentation has received considerable attention from the community because of its widespread applications [1] , [2] . In general, lip segmentation is a non-trivial task because the color difference between the lip and the skin regions is not so noticeable sometimes. In the literature, a few image segmentation techniques have been proposed. One class of methods is based on the clustering with color features [3] provided that the number of clusters is known in advance. However, from the practical viewpoint, the number of clusters should be selected adaptively. Consequently, such a method is unable to operate fully automatically. Another class of widely-used methods is model-based ones [1] . Empirical studies have shown its success, but manually work on landmarks is needed for training.
In this paper, we will present a new method for automatic segmentation of lip images provided that the lower part of a face (i.e. the part between nostril and chin) has been available. A color transformation sequence is proposed to enlarge the distinction between the lips and the skin. Different from the existing methods, the proposed one only extracts a segment of lip rather than the whole lip region. Then, based on the lip segment sample, we establish a Gaussian model in a modified HSV color space so that the memberships of lip and non-lip region are calculated, respectively. We further utilize morphological filters to obtain the lip region candidate based on the two memberships. Finally, convex hull algorithm is employed to extract lip contour. Experiments have shown the efficacy of the proposed approach in comparison with the existing methods.
Lip Membership Based on Color Space Transformation
We transform the source image into 1976 CIELAB color space and employ the histogram equalization to cover the a * component to the range of [0, 255], denoted as I a * . Furthermore, we get the U component via the method proposed in [4] with histogram equalization, denoted as I U .
Let I sub = I a * − I U . 1 We establish a Gaussian model for I sub based on the graylevel value for each non-zero pixel with the meanμ sub and the standard deviationσ sub . The candidate lip segment can be obtained by
The morphological reconstruction based method proposed in [5] is performed to suppress border connected noisy structures. The output image is denoted as I * candidate . In I * candidate , the nearest connected foreground block to gravity center, as the extracted segment, makes a segment sample that corresponds to the lip segment. Note that it is enough to extract a part of lip rather than the whole region because the extracted segment is used for sample data so as to establish a probability model.
For each pixel in HSV image, we perform the following transformation to get a vector:
T . Then, we establish a probability model as follows:
where the meanμ and the covariance matrixΣ can be evaluated by C vectors of the pixels in source image restricted by the lip segment region in the previous steps. As the input of the model of Eq.(2), the C vector for each pixel in the whole source image is obtained. Thus, we can calculate the lip membership denoted as M lip . Similarly, we can also establish a probability model to calculate the non-lip membership as M non−lip . Moreover, considering the convenience of visibility, we project the memberships from [0, 1] to [0, 255].
Lip Contour Extraction
We obtain a mask image by letting
While the lip membership is labeled as marker, morphological reconstruction operation can be employed. We further utilize a gray-level threshold selection method proposed in [6] to transform the reconstruction result into a binary image denoted as B RT with boundary connected structures suppressed, and mark the biggest continued foreground block by B lip 1 .
According to the following equation
the region we have obtained covers the teeth, tongue and some parts of oral cavity approximately.
We further transform I T T M into a binary image as B T T M by the threshold selection method. Then, morphological closing is employed to B RT ∪ B T T M by performing a 5 × 5 structuring element operation. We select the biggest foreground block denoted as B lip 2 in the closing operation result. Hence, the binary image B lip 1 ∪ B lip 2 can represent the whole lip region. Furthermore, we utilize morphological opening with 3 × 3 structuring element to smooth the edge, resulting as B lip . Finally, the quickhull algorithm proposed in [7] is employed to draw the contour of lip.
Experimental Results
Comparison is made to demonstrate the performance of the proposed approach with Liew03 proposed in [3] , and Guan08 in [8] . Four databases: (1) AR face database [9] , (2) CVL face database [10] , (3) GTAV face database, and (4) a database established by ourselves, are used to test the accuracy and robustness in different capture environments. We randomly selected 800 images in total and manually segmented the lip to serve as the ground truth. Some segmentation results can be found in Figure 1 .
Two measures (OL and SE) defined in [3] are used to evaluate the performance of the algorithms. Table 1 shows the segmentation results on the four different databases. 
Conclusion
In this paper, we have proposed a new approach to automatic lip segmentation via the probability model in color space and morphological filter. This approach features the high stability of lip segmentation and robust performance against the disparate capture environment and different skin color. Experiments have shown the promising result of the proposed approach in comparison with the existing methods.
